We present a proof-of-concept experiment to realize microwave primary power standard with a true-twin microcalorimeter. Double feeding line microcalorimeters are widely used by National Metrology Institutes. A drawback concerns the system calibration: traditional processes changes measurement conditions between system characterization and the measurement stage. Nevertheless, if the feeding lines are made twin, a measurement scheme that avoids separate characterization can be applied, equations simplify and time consumption is halved. Here we demonstrates the feasibility of the idea. The result of an effective efficiency spectroscopy of a thermoelectric power sensor is compared with figures obtained with well established methods.
The True-Twin microcalorimeter concept: microcalorimetric technique based on thermoelectric detectors is, now, well established [3, 4] and we refer specifically to it. The leading concept is that the HF power supplied to a proper sensor is not completely converted to a dc voltage output proportional to the input power, but a small fraction is dissipated into the sensor mount producing heat. Conversely, losses at low frequency (LF, normally 1 kHz) are negligible so that the ratio between the LF power P LF and a HF power P HF that produces the same sensor output U (that is, the power effectively measured remains steady) gives the effective efficiency η e of the sensor under calibration:
. (1) Because the temperature rise due to the HF losses is very small (of the order of some mK), a thermostat is needed in order to keep stable the measurement chamber temperature. The big challenge of this technique is the ability to distinguish between the HF losses produced into the sensor mount and the ones on the feeding line. This is done with a microcalorimeter calibration stage in which the feeding line is terminated by a load thermally equivalent to the power sensor under test, which an unitary effective efficiency can be attributed to. Unfortunately, the thermostat has to be opened to put in place the load, causing a change in the measurement conditions between the two steps of the sensor calibration procedure. This causes the worsening of the measurement uncertainty. Moreover, the system calibration stage doubles the time required by the whole process (the calibration of a sensor in 1 GHz steps, up to 26 GHz can require up to 2 month). In microcalorimeters fitted with a double feeding lines inset, a differential configuration is adopted in which an electrical thermometer senses the temperature difference between the sensor terminating one line and a thermally equivalent load terminating the other line. In the traditional measurement technique, only one line is energized with the HF and LF powers, whereas the other is used as a thermal reference. Nevertheless, if the two feeding lines are made twin both from the electromagnetic and the thermal point of view, we can realize a true-twin microcalorimeter. Both of them can be indifferently energized and this opens the way to a system self calibration; a reduction of the measurement uncertainty can be foreseen together with an improved realization of the primary HF power standards. Furthermore, because no previous calibration is needed, measurements become considerably less time consuming. To obtain the symmetry of the feeding lines, they must have the same length, mass, thermal conductance and electrical losses. Furthermore they have to be terminated with two thermally equivalent loads, one as device under test (DUT) and the other as dummy sensor (DS), respectively. If these conditions are met, the microcalorimeter can behave like an ideal and lossless one. In particular, if we use as DS a reflecting load, the microcalorimeter can be operated in a way that is independent on its own calibration coefficients. Consequently it is no longer necessary to open the measurement chamber for the hardware arrangements needed for their determination and the system thermal state is preserved. By supplying both the feeding lines with the HF and LF power alternatively, for the principle of superposition of the linear effects, a set of equations can be written that relates the power P S dissipated into the DUT or the DS and the line losses, P L , to the asymptotic response e of the electrical thermometer that measures the temperature at each load input. These equations turned out to be simplified due to the symmetry of the true-twin configuration that allows reducing the unknowns:
, (2) in which α is the Seebeck coefficient of the two thermopiles, R is a conversion constant, Methods agree at a degree of about 0.2 % up to 10 GHz. At higher frequencies the agreement worsens even if it is still good. This can be explained with an energetic unbalance of the feeding lines that is more evident when the HF losses are greater.
Moreover, the true-twin theory assumes perfect impedance match of the DUT and unitary reflection coefficient of the DS. The real case is slightly different but it can be taken into account in more refined experiments.
Conclusion: this proof-of-concept experiment confirms the validity of the true-twin microcalorimeter principle. Difference observed between the true-twin results and traditional microcalorimetric measurements are interpreted as due, mainly, to residual thermal and electromagnetic imbalance of the feeding paths that can be minimized with ad-hoc optimization of the microcalorimeter structure. Other contributions arise from the impedance matching of the device under test and from imperfections of the short circuit applied to the dummy sensor. Anyway they can be taken into account in the mathematical models but seem to have less influence. With this method, lower uncertainty should be attained allowing a better realization of the HF primary standard.
Moreover, the overall time consumption can be 50 % reduced because microcalorimeter calibration measurements are no longer necessary. 
